The assemblages of soil nematodes were studied at fi ve alpine meadow sites, 1763 -2200 m. a. s. l., in the Tatra National Park in the Slovak Republic. A total of 110 species were distinguished, 19 species were recorded in the Slovak Republic for the fi rst time. . The lowest values of the Maturity Indices (∑MI, MI) were found at the highest elevation. The signifi cantly highest values of the Plant Parasite Index were at the lowest elevation. The mean values of the of the Enrichment Index varied from 16.3 to 38.4, the mean values of the Structure Index from 64.1 to 85.4. The Structure metabolic footprints were signifi cantly greater at the lowest elevation than at the highest elevation. Cluster Analysis and Principal Component Analysis performed on species presence and absence, genera abundance and genera metabolic footprints showed nematode assemblages at sites of higher elevations different from those at sites of lower elevations.
Introduction
Grassland (including shrub steppes, savannahs and prairies) is the potential natural vegetation on 33 -45 million km 2 covering about a quarter of the Earth's land surface (Lauenroth, 1979; Bardgett & Cook 1998; Bonan, 2008) . Besides climatically determined grasslands there are semi-natural and agricultural grasslands on land formerly covered by forests and mires. The total area of semi-natural grasslands in the Central and Eastern European countries is estimated at around 7 million hectares, a part of them was ploughed and is currently being restored (Jongepierová, 2008) .
Nematode faunas in grasslands are diverse and abundant (Wasilewska, 1979; Boag & Yeates, 1998; and may in fact control total grassland primary production (Scott et al., 1979; Verschoor, 2001) . Nematological studies of Central European grasslands are numerous but relatively few alpine and subalpine meadows above timberline were investigated for nematodes. Nevertheless, the available data showed a great variety of nematode faunas in these habitats. Since about 1940's it is known that the nematode abundance in alpine meadows of Central Europe usually varies in order of several millions of individuals per square metre, rarely is greater than ten millions or less than one million of individuals (Franz, 1950) .
The Table 13 in his book deals with 42 species at 17 sites and it is interesting that 14 species belonged to the order Dorylaimida and this order had the greatest species richness at 14 sites. The large predator Coomansus zschokkei occurred at fi ve sites. Vinciguerra (1988) found 31 species in three alpine meadows in Italian Alps, 16 species belonged to the order Dorylaimida and C. zschokkei occurred in two meadows. Gerber (1991) reported on 33 species at alpine habitats in Austria but only three were from the order Dorylaimida. The extensive survey of nematode communities in mountain grasslands from Romania carried out by Popovici (1998) showed much more diverse nematode faunas. However, a part of nematodes could be determined to the genus level only. The synthesis of the data published by Popovici & Ciobanu (2000) therefore gives the numbers of taxa (genera + species) as a measure of nematode taxonomic richness. They found that the alpine grasslands (above 2000 m a. s. l.) had 46 -50 nematode taxa. Aglenchus agricola, Filenchus spp. and Paratylenchus spp. were the dominant nematodes and plant feeders composed 62 -66 % of individuals. In the subalpine grasslands at the 1700 -1850 m a. s. l. (according to Popovici, 1998 ) the genera Filenchus, Acrobeloides, Gracilacus, Paratylenchus, Plectus and Rotylenchus were prevalent. Plant feeding nematodes composed 28 -52 % of individuals and the number of taxa varied from 60 to 88. The percentage of omnivores in subalpine and alpine stands varied from 3 to 12 % while at lower elevations they composed 5 -41 % of individuals. Authors concluded that the environmental variables, such soil pH, total nitrogen, humus content, exchangeable bases and soil type could explain the variations in the composition of nematode communities in grasslands, but no single factor could be selected as being of overriding importance. Hoschitz & Kaufmann (2004a) studied soil nematodes (families and trophic groups) of Alpine summits in Austria and especially differences between plots facing the four compass directions. The results showed that the nematode abundances on the south or east facing side were signifi cantly higher than on the northern and western sides. The aspects of the sites also affected nematode families and trophic groups and nematode diversity (number of families) and abundance responded to differences in soil microclimate. Authors therefore concluded that nematode assemblages are potentially good bioindicators of climate change. The most abundant family at two Carex fi rma swards (2214 and 2255 m a. s. l.) were bacterivorous Cephalobidae. This contrasts with the alpine sites studied by Popovici & Ciobanu (2000) where plant feeding nematodes dominated. In another study Hoschitz & Kaufmann (2004b) found that bacterivorous Acrobeloides were most abundant nematodes at Caricetum curvulae sedge mat (2595 m a. s. l.) while in an alpine pasture with dominant Poaceae (1961 m a. s. l.) the most abundant nematodes were plant feeding/ plant-associated Rotylenchus and Tylenchidae. This indicates that vegetation is also an important factor determining taxonomic and trophic composition of nematode assemblages while the richness of nematode taxa tends to be lower at higher elevations. Temperature can be limiting factor for nematodes in cold climates, however Hoschitz & Kaufmann (2004a) pointed out that the apparent temperature sensitivity may be the result of indirect effects, e.g. by resource availability. A drop in the soil moisture does not usually limit alpine and subalpine meadows and the surplus of water leads to the formation of peat meadows and peat bogs accompanied by complex changes in nematode faunas (Háněl, 2015a) . At lower elevations in grasslands on soils susceptible to desiccation the total number of nematode taxa can be reduced, nematode communities differ in xerophilic and mesophilic grasslands (Ciobanu & Popovici, 2015) and a general trend of increasing nematode richness with decreasing altitude can be reversed. The behaviour of various community indices across alpine-subalpine grasslands is little known. Popovici & Ciobanu (2000) found that the Shannon's index of generic diversity (H') of the 36 sites ranged between 2.38 and 3.47, without clear differences between the different nematode communities, and in eight alpine-subalpine sites between 2.65 and 3.07. The ratios of hyphal to bacterial feeding nematodes showed a constant preponderance of the bacterial feeding group. It is consistent with results of Hoschitz & Kaufmann (2004b) . The minimum values of the Maturity index (MI) on the southern faces of the alpine summits were statistically signifi cant but did not seem biologically relevant (Hoschitz & Kaufmann, 2004a) . On the hand, multivariate analyses were effective in distinguishing different nematode communities. This study gives a detailed survey of nematode assemblages at fi ve high-mountain meadows in the Tatra National Park (the western part of the Carpathians) in the Slovak Republic. The main aims of the study are as follows: (i) To evaluate the species composition of nematode faunas.
(ii) To study the abundance of nematode genera and trophic groups and the community indices based on abundance. (iii) To estimate the biomass and metabolic footprints of nematode assemblages. Preliminary results and methods were presented by Háněl (2015b) at the 13 th Central European Workshop on Soil Zoology and they will be published in the Proceedings of the workshop. Therefore some topics such as selection of indices and statistical methods and problems with determination of some nematode populations are not discussed in detail in this paper.
Material and Methods
The research was carried out in alpine parts of the High Tatra Mountains (the Tatra National Park), in the Slovak Republic, above the timberline. The areas studied has cold alpine climate, parent rocks are mostly granites. Soil types are rankers, podzols and cambic podzols, acid and rich in organic matter. Nematodes were studied at fi ve meadow sites in two mountain valleys of two lake catchments: Six soil samples were taken at random at each site (sampling area of 5 x 5 m) using a cylindrical corer of cross-sectional area 10 cm 2 inserted down to a depth of 10 cm (if possible). Sampling dates were 20 -21 September 2013 (a), 21 -22 September 2014 (b) and 8 -9 September 2015 (c). The soil in each individual sample was weighed, carefully hand-mixed, stones taken out and subtracted from the sample, and a part of soil was dried to determine the water content. Soil moisture on individual sampling dates was determined gravimetrically, soil was dried for 48 h at 25 °C and then for 4 h at 105 °C. The mean soil moistures at V1, V2, V3, S1 and S2 were 48.5, 47.2, 32.2, 37.6 and 42.4 % of water in fresh soil, respectively. Soil temperature was taken over the period of investigation by means of data-loggers placed at 5 cm of the soil profi le. The mean soil temperatures at V1, V2, V3, S1 and S2 were 1.4, 2.8, 5.1, 3.7 and 3.8 °C, respectively. Nematodes were isolated from approximately 15 ml of mixed soil, which according to soil properties represented 3.75 to 10.02 grams of the substrate per sample. Thus, a total of 90 soil samples were collected, which represented 1350 ml (628 g) of fresh soil examined for nematodes. The isolation of nematodes was carried out using modifi ed Baermann funnels. Nematodes were killed and preserved in a 3.5 % solution of formaldehyde and mounted and studied in glycerol on slides (Háněl, 1995) . Altogether 13,005 nematode specimens were extracted and determined to species/genus level. The studies of anatomy, morphology and morphometry and determinations were performed using light microscope Leica Leitz DMRB equipped with N PLAN 100x/1.25 immersion oil objective and transmitted light interference contrast, maximum magnifi cation 1600x. As a basis for the determination of nematodes monographs written by Brzeski (1998) and Andrássy (2005 Andrássy ( , 2007 Andrássy ( , and 2009 ) were used plus publications dealing with individual taxonomic groups mostly cited in the books mentioned above and latest papers if necessary. Nematode numbers were adjusted to give the total number per samples and then converted to a per m 2 basis. The mean abundance of genera at each site and sampling date were used for the calculation of community indices (except for SR and GR) and multivariate analyses. The species richness was evaluated using the number of species and the Species Richness index SR = (S-1)/log e (N), S = the number of species identifi ed, N = the number of individuals identifi ed. The Genera Richness index GR was calculated accordingly with S = the number of genera identifi ed. The Shannon index (H'gen) was calculated using natural logarithms and nematode genera abundance (Yeates & Bongers, 1999) . The Maturity Index MI and the Plant Parasite Index PPI were calculated according to Bongers (1990) and cp-values according to together with the Sum Maturity Index ∑MI (Yeates, 1994) that includes all trophic groups (Wasilewska, 1994) . To asses participation of nematodes (Table 1) in detritus and grazing (direct consumption of primary production) food webs the ratios (B+F)/PP and (B+F+RFF)/PP were evaluated according to Wasilewska (1997) . PP (plant parasites) are Wasilewska's OPP (obligatory plant parasites, which cause damage to host plants) and RFF (root-fungal feeders) are Wasilewska's FPP (facultative plant parasites, which cause no or little damage to host plants and at least some can reproduce on fungi). Because of high population densities of Aglenchus agricola that is an epidermal cell and root hair feeder but cause no evident damage to plants (Yeates et al., 1993; Brzeski, 1998 ) the ratio (B+F)/(PP+RFF) was also calculated. These ratios were constrained to have values between 1 (majority of nematode individuals participate in the detritus food web) and 0 (majority of nematode individuals participate in the grazing food web) as follows: (i) Nematode Food-web Ratio 1: NFR1 = (B+F)/(PP+B+F).
(ii) Nematode Food-web Ratio 2: NFR2 = (B+F+RFF)/ (PP+B+F+RFF). This ratio refl ects situations where fungivorous Tylenchidae prevail in the RFF group, such as small Filenchus species (Okada et al., 2005) . (iii) Nematode Food-web Ratio 3: NFR3 = (B+F)/(PP+RFF+B+F). This ratio refl ects situations when plant feeders, such as Aglenchus, prevail in the RFF. The Nematode Channel Ratio NCR1 = B/(B+F) was calculated according to Yeates (2003) and NCR2 = B/(B+F+RFF) according to Háněl (2010) to asses the relative activity of bacterial-based energy channel (pathway) and slower fungal based channel in decomposition processes in soil. The values of those indices are constrained to have values between 1 (totally bacterial-mediated decomposition) and 0 (totally fungal-mediated decomposition). ) of nematode trophic groups and genera (n = 18 individual samples) at the sites studied with the S.E., F (4, 85) and p values of one-way ANOVA for trophic groups. The same letters (a, b and c) indicate homogeneous groups of means detected using Fisher LSD post-hoc test, alpha = 0.05. Because Levene's test detected heterogeneity of variances in predators and insect parasites Kruskal-Wallis test H (4,N=90) and p values are also calculated, followed by post-hoc multiple comparison of mean ranks of all pairs of groups and homogeneous groups (p > 0.05) are indicated by the same letters (x, y and z). Underlined fi gures denote that this particular nematode genus makes up more than 4.5 % of the total nematode population at that site. For the key to abbreviated names see Fig. 3 and 5.
Nematodes
The NCR2 takes fungal-feeders in Tylenchidae (RFF) into account. To evaluate the soil food web condition the Enrichment Index (EI), the Structure Index (SI) and the Channel Index (CI) were calculated according to Ferris et al. (2001) and the Basal Index (BI) according to Berkelmans et al. (2003) . A high BI indicates poor ecosystem health, while a high SI indicates a well-regulated, healthy ecosystem. The biomass (wet mass, fresh weight in μg) of adult nematode species occurring in the area studied was calculated using the method described by Andrássy (1956) . The biomass of juveniles was assumed to be one half of that of the adults, except for the dauer-stage juveniles of the families Rhabditidae, Neodiplogastridae and Steinernematidae and unidentifi ed Tylenchida juveniles for which biomass was calculated separately. Biomasses were estimated for each individual soil sample (n = 6 at a site and sampling date) and then mean values for each site and sampling date were calculated. But instead of simple biomass proportions between trophic groups metabolic footprints of nematodes in the soil food web were computed as suggested by Ferris (2010) . Metabolic footprints were calculated at genus level and to take species and adult-juvenile variations into account the mean genus biomass for each site and sampling date was calculated separately. The metabolic footprints of individual genera were further used for the calculation of the metabolic footprints of functional groups of nematodes. For example, the Herbivore metabolic footprint is the sum of the footprints of root-fungal feeder and plant parasite genera in the Table 1 . Enrichment footprint was calculated using guilds indicating enrichment (Ba 1 and Fu 2 ) as defi ned by Ferris et al. (2001) . However, the Table 4 in Ferris (2010) takes only Rhabditidae (cp 1) but not Aphelenchidae (cp 2) for the calculation of the Enrichment footprint and labels Qudsianematidae with the cp-value 5 while in the Table 1 of his paper and in According to Detrended Correspondence Analysis (DCA) by segments (performed on the abundance and the metabolic footprints of nematode genera as primary data) the fi rst ordination axes had lengths of gradient < 3 S.D. This indicated a linear (monotonous) response model along the data gradient as in preliminary analyses (Háněl 2015b) . Therefore, nematode data were analysed using Principal Component Analysis (PCA) (ter Braak & Šmilauer, 2002) .
Results

Nematode species composition
A total of 110 nematode species, belonging to 50 genera, were distinguished. At individual sites their numbers varied from 45 to 72 (Appendix 1). Most nematodes species belonged to the orders Tylenchida (33 species) and Dorylaimida (23 species). The greatest species richness had the genera Plectus (11 species) and Aphelenchoides (11 species). Alaimus arcuatus occurred at V1 and was one and only representative of the order Alaimida. Some species could not be satisfactorily identifi ed with any available description and may represent locally variable populations of the known species or species new to science. The dendrogram based on a Cluster Analysis of species presence and absence showed two clusters. The larger cluster in the upper part of the chart consisted of the samples from higher elevations and the smaller cluster in the lower part consisted of the samples from lower elevations (Fig. 1) .
Nematode abundance and indices
The total mean abundance of nematodes ranged from 704 to 2054 x 10 3 ind.m -2 (Table 1 ). The genera Plectus and Acrobeloides were most abundant bacterivores at all sites and the greatest abundance of bacterivores was at V1. The bacterivorous genera Teratocephalus, Heterocephalobus, Rhabditis, and Prismatolaimus occurred at all sites but their abundance was relatively low. Fungivores reached the greatest abundance at V2 with the genera Aphelenchoides and Tylencholaimus, Ditylenchus occurred at all sites but was less abundant. Among root-fungal feeders the genus Aglenchus reached the greatest abundance and strongly dominated at sites of higher elevations. The abundance of the genus Filenchus was generally lower than that of Aglenchus except for the sites V3 and S2. The greatest abundance of plant parasites was at S2 and the genera Helicotylenchus, Paratylenchus and Nagelus
Species of nematodes
Ward's method Euclidean distances V1a V1b V1c S1a S1c S1b V2a V2c V2b V3a V3b V3c S2a S2b S2c 3 4 5 6 7 8 9 10 1 1 Linkage distance occurred on all sampling dates at S2. The representatives of the genera Paratylenchus and Helicotylenchus were found at all sites. The genus Eudorylaimus was the most abundant omnivore except for V2 with the most abundant genus Aporcelaimellus. The genera Epidorylaimus, Enchodelus and Metaporcelaimus occurred at all sites. A low abundance of predators was at S1 because of the absence of the species Coomansus menzeli but at V3 the genus Coomansus belonged to the dominant genera. The abundant populations the genus Tripyla were found at all sites. The Cluster Analysis of the ln(x+1) transformed genera abundance in Table 1 gave a similar dendrogram (Fig. 2) as the Cluster Analysis of the species (Fig. 1) . The Principal Component Analysis showed gradient with the nematode faunas at the sites of higher elevations on the left-hand side of the chart and those at the sites of lower elevations on the right-hand side of the chart (Fig. 3) . The diversity indices of nematode assemblages reached greatest values at S2 and V2 (Table 2 ). Maturity indices (∑MI, MI) had the lowest values at V1. The greatest values of PPI and PPI/MI ratio were at S2. Nematode food-web ratios were lower than 0.5 at S2 because the plant parasites were the most abundant trophic group. NFR3 was also low at V1, V2 and S1 with abundant Aglenchus agricola. NCR1 was mostly greater than 0.5. The decrease in the values of NCR2 refl ected the increase in the abundance and dominance of A. agricola in nematode assemblages. The SI values were high everywhere and no signifi cant differences between sites were found. The high values of the CI at V1, V2, V3 and S1 were caused by a low abundance (or absence) of Ba 1 guild.
Nematode biomass and metabolic footprints
The total mean biomass of nematode assemblages ranged from 442 to 1531 mg.m -2
. The greatest biomass was found at S2, the lowest values were at V1 and S1 (Table 3 ). The signifi cantly greatest biomass of bacterivores was at S2. The biomass of fungivores varied across sites. The signifi cantly greatest biomass of root-fungal feeders was at V1 with the greatest abundance of Aglenchus agricola ( Table 1 ). The signifi cantly greatest biomass of plant parasites was at S2. The greatest biomass of omnivores occurred at V2. The signifi cantly greatest biomass of predators was at S2 and V3, the sites of the lowest elevations. The signifi cantly greatest biomass of an individual in the whole nematode assemblage was at V3 and S2. As concerns the tropic groups the signifi cantly greatest individual biomass had predators (at V2, V3 and S2) followed by omnivores (at V2 and S2). Bacterivores had the signifi cantly greatest individual biomass at S2 because of abundant populations of Plectus parietinus. Plant parasites had the signifi cantly greatest individual biomass at S2, too,
Abundance of nematode genera
Ward's method Euclidean distances V1a V1b V1c S1a S1c S1b 
because of Rotylenchus robustus, Helicotylenchus varicaudatus, H. pseudorobustus and Nagelus leptus.
The Composite nematode metabolic footprints did not differ between sites (Table 2 ). There were no signifi cant differences in Bacterivore and Fungivore metabolic footprints, too. The Basal and Enrichment metabolic footprints did not differ between sites and this contrasts with signifi cant differences found for the BI and EI. On the other hand, the Structure metabolic footprints differed between sites while the SI values did not. The signifi cantly lowest Herbivore metabolic footprint was at V3. At the other sites the Herbivore metabolic footprints did not differ signifi cantly but it must be taken into account that Pl 2 (RFF) and Pl 3 (PP) components contributed differently to the total Plant feeder footprint. Infective juveniles of insect parasites (Steinernema) were also formally included to obtain the Composite metabolic footprint although they develop to adults in insect bodies, not in soil.
The dendrogram based on Cluster Analysis of the ln(x+1) transformed metabolic footprints of nematode genera showed samples from S2 in a separate cluster and similar nematode assemblages at V1 and S1 (Fig. 4) . The PCA of the genera metabolic footprints showed nematode assemblages at higher elevations (V1, V2 and S1) on the left-hand side of the gradient and those at lower elevations (V3 and S2) on the right-hand side (Fig. 5) . Abundance Fig. 3 . Biplot of nematode genera and samples based on Principal Component Analysis using log(x+1) transformed abundance of genera. Eigenvalues for ordination axes 1, 2, 3 and 4 were 0.400, 0.175, 0.115 and 0.101, respectively. Cumulative percentage variance of genus data for ordination axes 1, 2, 3 and 4 were 40.0, 57.5, 68.9 and 79.1, respectively. All genera were included in this analysis but only the genera with a dominance ≥ 4.5 % at least on one sampling date at a site are shown in the biplot. Abbreviated names of these genera are in Table 1. be overlooked or misidentifi ed with very similar species in older papers.
Discussion
Nematode species composition
Plectus magadani (N) was originally described as a subspecies of Plectus acuminatus and is similar to Plectus communis. Plectus rotundilabiatus (N) and Plectus velox (N) are very similar to Plectus parietinus. All these species are common in Europe (Zell, 1993; Andrássy, 2005) and there is hardly a reason for their absence from the Slovak Republic. But the determination requires permanent slides and high-resolution immersion oil objective. Lišková & Čerevková (2011) report on Tylenchus davainei in many localities but Brzeski (1998) writes that this species is rare, most often found in moss and perhaps some records of T. davainei actually should be corrected to other species. Tylenchus elegans (N) is common in Europe (Andrássy, 2007; Geraert, 2008) . Filenchus hamatus (N) is a rare species and probably actually new to the Slovak Republic. Aphelenchoides and Ditylenchus are genera with a lot of small and medium-sized species diffi cult to tell apart (Brzeski, 1991 (Brzeski, , 1998 Andrássy, 2007) . Lišková & Čerevková (2011) report on 25 species of Aphelenchoides and 15 species of Ditylenchus and this study adds two and two species that also live in the Europe to the two genera, respectively. An interesting fi nding is the occurrence of Sphaeronema alni (N) at V2, 2003 m a. s. l., host plant was probably Salix herbacea L.
(the genus Salix is among host plants; see Brzeski, 1998) , which occurred at this site (Matějka, 1915) . Alaimus arcuatus (N) and Coomansus menzeli (N) occur in Europe (Andrássy, 2009) . It is interesting that C. menzeli was abundant at V2, V3 and S2 while it was absent from S1 and only one female of Coomasus zschokkei was found at S2. Juveniles of the two species are diffi cult to tell apart and some records of large specimens of C. zschokkei may in fact be C. menzeli (Loof & Winiszewska-Ślipińska, 1993 Ferris & Ferris, 1971 . However, c = 15.0 -27.8 in E. pseudobokori (see Zell, 1986 ) and c = 27 -38 in E. altherri as given in Andrássy (2009 Zell (1986) has fi ve supplements as the male found in the present study at V1 in September 2015. The male of E. altherri is unknown (Andrássy, 2009) . Eudorylaimus stefanskii (N) is a rare European nematode and was transferred to the genus Eudorylaimus by Andrássy (1991) . Aporcelaimellus alius (N) and A. medius (N) were described in 2002 and some records of A. obtusicaudatus listed in Lišková & Čerevková (2011) may cover the two species. Enchodelus lucinensis (N) was described from Moldavia and was also found in Western Romanian Carpathians (Ciobanu et al., 2010) and can actually be a new species to the Slovak Republic. Some populations (Q) shared diagnostic characters of two species and this variability does not allow for unequivocal placement. Those were Teratocephalus lirellus / T. stratumus, Epidorylaimus humilior / E. humilis, Eudorylaimus maritus / E. carteri and Enchodelus macrodorus / E. carpaticus and they are discussed in another study mentioned in the introduction (Háněl, 2015b ). Andrássy's (2007 Andrássy's ( , 2009 ) keys also lead to the determination of Paratylenchus cf. baldaccii, Diphtherophora cf. kirjanovae and Metaporcelaimus cf. monohystera but on close examination the available specimens proved to be somewhat different from original descriptions. There were also nematodes that could be determined to the genus level only (Appendix 1) but morphologically represented separate species. This is consistent with the results of the studies mentioned in the Introduction -a lot of nematode populations could be determined to genus or to the family level only. No surprise, only about 30,000 nematode species were described. With an estimated number of species extending to about 10 6 most nematode species remain undescribed, the proportion of cryptic species may be high and some authors assume that failing adequately to delimit a species is preferable to falsely delimiting entities (Hugot et al., 2001; Palomares-Rius et al., 2014) . Alpine habitats do not form a continuous landscape. They are rather islands in a non-alpine ocean and as such they can be inhabited by a high number of endemic species to be described in future. Cumulative percentage variance of genus data for ordination axes 1, 2, 3 and 4 were 37.5, 57.3, 70.1 and 80.1, respectively. All genera were included in this analysis but only the genera with a proportion ≥ 4.5 % of the Composite footprint at least on one sampling date at a site are shown in the biplot. Abbreviated names of these genera are in Table 1 .
The nematode taxonomic richness was greater at lower elevations than at higher elevations, a trend described in the Introduction, except for V3. The numbers of species and genera at V3 were lower than in mountainous Carpathian meadows in Romania (Popovici & Ciobanu, 2000) and Austrian Alps (Hoschitz & Kaufmann, 2004b) but evidently greater than in Italian Alps studied by Vinciguerra (1988) . Also the total SR and GR indices (Appendix 1) were lowest among the meadows studied. Therefore, the low species-generic richness at V3 seems to have been an exception to a rule of greater nematode richness at elevation below 2000 m a. s. l. than above 2000 m a. s. l. in subalpine-alpine meadows. The lowest taxonomic richness at V3 coincided with the lowest total abundance (Table 1) . But the abundance of predators was high and they represented 14.7 % of all nematodes at V3. Such a high percentage of predators was not observed at any meadow in Romania (Popovici & Ciobanu, 2000) . This may indicate that the nematode populations at V3 were "overgrazed", species richness and consequently abundance were reduced by too strong biological top-down control.
Nematode abundance and indices
Multivariate analyses clearly showed that nematode assemblages in meadows at higher elevation (1994 -2200 m a. s. l.) differed from those at lower elevations (1763 -1766 m a. s. l.). The most striking signifi cant differences were in the abundance of A. agricola. A. agricola was the dominant nematode in alpine grasslands (2050 -2270 m a. s. l.) from Romania (Popovici & Ciobanu, 2000) accompanied by Filenchus and Paratylenchus and plant feeding nematodes generally dominated in mountainous grasslands. At meadow sites of elevations lower than 2000 m a. s. l. the dominance of A. agricola decreases (Popovici, 1998) . This is also in the present study and in other meadows at lower elevations in Slovakia (Šály & Žuffa, 1980; Šály, 1983 , 1985 Lišková & Čerevková, 2005; Čerevková, 2006; Háněl & Čerevková, 2006) where plant parasites with cp-values 3 become dominant.
A bit different situation is in the Bohemian Massif in the Czech Republic where alpine zone is almost missing. In the Krkonoše Mountains A. agricola represented 26 % (P. microdorus 33 %) of all nematodes at a mountain meadow (1280 m a. s. l.) and 47 % at a grassy clear-cut (1200 m a. s. l.) left after spruce die-back and salvage logging (Háněl, 1994 (Háněl, , 1998 . In the Bohemian Forest (the Šumava Mountains) A. agricola represented 79 % of all nematodes at a natural grassy stand (ca 1340 m a. s. l.) and occurred in small populations in Norway spruce forests. After clear-cut of spruce trees damaged by bark beetles and succession of grass at sites of 1180 -1240 m a. s. l. A. agricola became the eudominant species (Háněl, 1999 (Háněl, , 2004 . Below 1000 m a. s. l. the populations of A. agricola in meadows mostly decrease and plant parasites with cp-values 3 often dominate (Háněl, 1997 (Háněl, , 2010 . Thus in the Carpathians and the Bohemian Massif A. agricola dominates in alpine meadows and subalpine/mountainous meadows, respectively. This species can be accompanied by abundant populations of Paratylenchus with cp-value 2 and various species of Paratylenchus can be also dominant in meadows at lower elevations along with the cp-3 plant parasites. Bacterivorous nematodes are usually the second most abundant and dominant trophic groups following plant feeders (PP+RFF) in alpine and subalpine meadows in Central Europe and the majority of bacterivores belong to Plectus and Acrobeloides (Háněl, 1994; Popovici & Ciobanu, 2000; Hoschitz & Kaufmann, 2004b) . The two genera also dominated in the sites studied and together with Aglenchus decreased the values of H'gen and ∑MI at V1. The low nematode taxonomic richness and abundance at V3 contrasts with the high taxonomic richness and abundance at S2. Both sites are at similar elevations (1763 -1766 m a. s. l.) but differ in soil microclimate and vegetation. Nevertheless, their overall nematode species and generic combinations were similar (Figs 1, 2 and 3) . The Shannon diversity index (H'gen) was signifi cantly lowest at V1. At other sites the values of the H'gen were close to those calculated by Popovici & Ciobanu (2000) but a direct comparison is problematic because they combined species and genera. The values of MI and PPI were similar to those in Hoschitz & Kaufmann (2004ab) and PPI/MI ratios calculated from the mean values in their papers did not exceed the value of 0.9, except for an alpine pasture (PPI/MI = 0.93). In the present study the PPI/MI ratio had signifi cantly greatest value (0.99) at S2 and indicated a slight nutrient disturbance (enrichment) to soil food web (Bongers et al., 1997) . Nematode food-web ratios suggested that the majority of nematode individuals at S2 participated in grazing food web. This can be also true for V1 and V2 because the values of NFR3 were low (due to abundant A. agricola). Participation of nematodes in detritus and grazing food webs at V3 and S1 appears to have been more balanced. The assessment of the role of omnivores in soil food web still remains problematic (McSorley, 2012) as they link several levels of food chains (Wasilewska, 1997) but Enchodelus with long odontostylet may feed on plant roots in a similar way like Pungentus (Trudgill, 1976) . NCR1 values were largely in the favour of bacterial feeding group and indicated predominance of bacteria in detritus food web. This is consistent with results of Popovici & Ciobanu (2000) . Low values of NCR2 at V1, V2 and S1 were caused by high population densities of plant-feeding A. agricola. High values of CI (except for S2 but the difference was not signifi cant) are rather result of a low abundance of Ba 1 guild, as defi ned by Ferris et al. (2001) , than an indication of a high activity of fungal decomposition channel. The high SI and the low EI values delimited Quadrant C with structured food web, but unlike the Table 4 in Ferris et al. (2001) , having decomposition channel rather bacterial than fungal.
Nematode biomass and metabolic footprints
The total biomass of nematodes (in mg.m -2 ) and the biomass of a nematode individual (in μg) at the sites studied are generally within values established in grasslands as reported, for example, by Wasilewska (1979) , Sohlenius (1980) and Háněl (2010) . Nevertheless, nematodes at higher elevations (V1 and S1) had lower total and individual biomass than those at lower elevations (V3 and S2) where Coomansus menzeli was abundant and increased the biomass values of predators. This species has not been reported from Slovakia (Lišková & Čerevková, 2011) but occurs in some mountain grasslands in the Romanian Carpathians (Popovici, 1998) . As a consequence of a high abundance and the adult individual biomass (24.008 μg) of C. menzeli the metabolic footprints of predators at V3 and S2 reached the greatest values across all sites and trophic groups. This suggests strong top-down control of nematode assemblages by predacious nematodes similar to that in some mountain peat bogs (Háněl, 2015a) with abundant Jensenonchus sphagni (Brzeski, 1960) indicating undisturbed natural condition of the site.
The lowest values of the Herbivore footprint occurred at V3 and were about 10.5 times lower that Bacterivore + Fungivore footprints. This is in agreement with nematode food-web ratios indicating that nematodes at this site mainly participated in the detritus food web. At V1, S1 and S2 the metabolic footprints of nematodes involved in detritus food web and grazing food web seem to have been in a balanced proportion although nematode food-web ratios based on abundance suggest greater participation of nematodes in the grazing food web at S2. But in the detritus food web predominance of bacteria-mediated decomposition is indicated by both criteria. It is also evident that the Structure footprint contributed most to the Composite footprint, except for V1 with the lowest values of H'gen, ∑MI and SI. An advantage of Ferris' (2010) approach to the subject is that he takes metabolic activity of nematodes into account but there are also some problematic points. On the page 100 he writes that "The functional metabolic footprint is maximized when the rhomboid shape becomes a square ... so that the system is in metabolic balance.". But in the present study the enrichment component of the metabolic footprint is very low at all sites, which results in very narrow rhomboids. Multivariate analyses (Figs 1, 2, 3, 4, and 5) showed little variations in nematode faunas at individual sites (with an exception for S1), which is rather an indication of a balanced state in climax systems than unbalanced. Soil temperature at the sites studied is probably too low to stimulate fast-growing bacteria reach population densities suffi cient for abundant populations of the r-strategist Ba 1 nematodes. The equation for the calculation of the metabolic footprints of nematodes is a very neat technique to evaluate nematode function in soil but inevitably includes simplifi cations that can be a source of errors when very different nematode faunas are analyzed. Freckman (1982) reports that more detailed mathematical formula to determine individual nematode weight gave values that differed by 5 -31 % from Andrassy's (1956) short formula and she considers this difference as serious problem for determining biomass, respiration and production of nematodes. Another problem she lists is the occurrence of periods of cryptobiosis when nematode respiration is suspended. This, and variations in soil temperature, should be taken into consideration when estimating nematode respiration in the fi eld (e.g. Persson et al., 1980; Verschoor, 2001 ). Yeates (1979) reports on greater dry weight (42 -58.5 % of the fresh weight) of nematode bodies dried at temperatures lower than 75ºC. Ferris (2010) ). In general, the mean value of b = 0.75 is acceptable for poikilotherms (Wright, 1998) and is not signifi cantly different from b = 0.72 ± 0.092 calculated by Klekowski et al. (1972) for the whole group of nematodes. But the b coeffi cient in individual species and trophic groups can vary (e.g. Schiemer & Duncan, 1974; Klekowski & Wasilewska, 1982) . The mean metabolic (carbon) footprints of RFF at V1 and those of PP at S2 were practically equal in size. A question arises whether it is actually true to reality because dominant nematode species, plant species and soil temperatures at the sites differed. Klekowski et al. (1972) , page 401, discuss irregularities in the intensity of oxygen consumption among plant feeders. Power regression based on the data in their paper gives equation for weight-respiratory rate RR = 0.58W 0.11 (r = 0.187, n = 16) nlO 2 . ind
. It is a bit strange result and may indicate that the parameters of oxygen consumption are different in different guilds of plant feeders. For omnivores RR = 0.90W
1.01 (r = 0.982, n = 7) and b = 1 suggests weight-independent metabolism (Wright, 1998) . For predators the equation is RR = 3.03W 0.47 (r = 0.623, n = 7), which may indicate a surface area-dependent metabolism and a high metabolic (respiration) intensity (Schiemer & Duncan, 1974; Wright, 1998) . The knowledge of guild-specifi c respiration could improve the estimate of metabolic footprints. The production component is adjusted using cp-values so why not to be particular about nematode guilds in the respiration component? However, it would need a lot of work and funds to measure respiration of a wide spectrum of nematode species. Results of multivariate analyses on the metabolic footprints of genera were similar to those based on the abundance of nematode genera. But soil temperatures on individual sampling dates across all sites varied from 1.3 to 10.6 °C and Q 10 temperature coeffi cient in nematodes differs for temperatures below 5 °C and above 5 °C being assumed to be 5 and 3, respectively (Persson et al., 1980) . Ferris (2010) may be right that the sets of predominant species under one set of ambient conditions will have similar temperature-specifi c coeffi cient values to each other but different from those of species predominating under alternate conditions. This may explain similarity of the results of multivariate analyses, position of the nematode assemblage at S2 (with abundant cp-3 plant parasites) as an outgroup in the dendrogram of Cluster Analysis based on metabolic footprints (Fig. 4) and variable position of the nematode assemblage at S1 in PCA biplots (Figs 3 and 5) . Metabolic footprints are recently being used in nematode ecology studies (e.g., Renčo et al., 2015; Zhang et al., 2015) , however, as every new method of measures of ecosystem services they should be interpreted with caution. N -species found in this study that are not listed in the book by Lišková & Čerevková (2011) and are probably recorded in the Slovak Republic for the fi rst time. Q -species that were determined according to keys mentioned in the Material and Methods section but were partially different from the original descriptions or showed variability overlapping two species. Tylenchida juv. -damaged juveniles that could not be determined to a genus.
